Summary. The ability of aromatase inhibitors to induce implantation in mice was tested in animals in which implantation was delayed by ovariectomy and progesterone treatment. Implantation was consistently induced by 7 mg 4-hydroxyandrostene-3,17\x=req-\ dione (4-OH-A), 7\m=.\5 mg 1,4,6-androstatriene-3,17-dione (ATD) or 15 mg 4-acetoxy\x=req-\ androstene-3,17-dione, an activity comparable to that of 1 mg testosterone. In intact mice treated with 2 or 10 mg 4-OH-A or ATD/day from Day 2 of pregnancy (Day 1 = vaginal plug), the number and size of implantation sites were not affected. These results may not be necessarily due to inhibitory effects of the compounds on aromatase.
Introduction
Several steroids suppress the aromatization of androgens into oestrogens and are frequently used as aromatase inhibitors. The most active ones are 4-hydroxyandrostene-3,17-dione (4-OH-A), 4-acetoxy-androstene-3,17-dione (4-Ac-A) and l,4,6-androstatriene-3,17-dione (ATD) (Brodie, Marsh, Wu & Brodie, 1979a; Brodie et al, 1982) . These compounds are very useful for the study of oestrogen-dependent processes in reproductive physiology. While investigating the mechanism of androgen induction of implantation in mice reported by others (Humphrey, 1967;  Roy, SenGupta & Manchanda, 1980) , we observed a synergistic activity of aromatase inhibitors and testosterone. We therefore determined (1) the ability of aromatase inhibitors to induce implantation in ovariectomized pregnant mice, and (2) whether these compounds can inhibit or interfere with implantation in intact pregnant mice.
Materials and Methods
Treatment of ovariectomized mice. Mature CD-I mice purchased from Charles River Breeding Laboratories were maintained in air-conditioned quarters with lights on from 06:00 to 20:00 h. The females were caged with males and examined every morning for the presence of a vaginal plug which was considered as a sign of mating (Day 1 of pregnancy). On (Psychoyos, 1967) . The size, number and location of implantation sites were recorded.
Results

Induction of implantation in ovariectomized pregnant mice
The results are presented in Table 1 . Of the three aromatase inhibitors studied, 4-Ac-A was the least active in inducing implantation in ovariectomized mice. It required 15 mg 4-Ac-A to cause 100% implantation in the treated mice, while comparable results were obtained with 7 mg 4-OH-A and 7-5 mg ATD. At the latter dose, 4-Ac-A caused implantation in only 1 out of 10 treated mice. At a dose of 3-2 mg, ATD caused 5 of 13 (40%) mice to implant while an equimolar amount of 4-OH-A (3-5 mg), resulted in no implantations (not statistically significant by 2 test). A, 6, 5; B, 7, 6; C, 6, 6; D, 2, 7; and E, 6, 5. pregnancy (data not shown). In mice treated with vehicle alone (Group 1) or with ATD (Groups 4 and 5), the implantation sites were more or less evenly distributed along the entire horn.
Discussion
In rats, the aromatase inhibitors, ATD, 4-Ac-A and 4-OH-A, not only compete with androstenedione and testosterone for aromatase, but also cause irreversible inactivation of the enzyme, probably through some enzyme-generated intermediates (Covey & Hood, 1981 ; Brodie et al, 1981b) . These compounds, in a single injection at 50 mg/kg or 10-12 mg/rat, can drastically reduce oestrogen secretion from the ovary by 80% and, in multiple injections at 50 mg/kg/day, prevent or delay implantation of the embryo in many rats, with 4-OH-A being the most effective (Brodie, Schwarzel, Shaikh & Brodie, 1977; Brodie, Wu, Marsh & Brodie, 1978 , 1979b . On the other hand, implantation in hamsters does not require oestrogen and is not significantly affected by 4-Ac-A (Brodie et al, 1978 ).
The present study has shown that these aromatase inhibitors are capable of inducing implantation in mated mice that were ovariectomized and maintained on progesterone, although they are only weakly active as it requires seven times as much 4-OH-A (7 mg) and ATD (7-5 mg) and 15 times as much 4-Ac-A ( 15 mg) as testosterone ( 1 mg) to cause implantation. Androgens such as testosterone propionate (Humphrey, 1967) and 5a-dihydrotestosterone induce implantation in ovariectomized mice (Roy et al, 1980) and rats (Varavudhi, 1969) . It has been suggested that 5a-dihydrotestosterone acts only through oestrogen receptors, while testosterone acts through testosterone and oestrogen receptors in the mouse uterus (Roy etal, 1980) . However, the possibility of testosterone being converted to oestrogen by extra-ovarian and adrenal sites cannot be excluded (Varavudhi, 1969) . Although the mechanism by which the aromatase inhibitors bring about implantation in ovariectomized mice is not clear, it is possible that the compounds, as modified androgens, could cause implantation through mechanisms similar to those of testosterone, in addition to through their metabolites such as 4-hydroxytestosterone and 4-hydroxyoestrone (Brodie, Romanoff & Williams, 1981a; Marsh, Romanoff, Williams, Brodie & Brodie, 1982) .
The failure of 4-OH-A and ATD treatment to interfere with implantation in intact mated mice is contrary to the results reported for rats (Brodie et al, 1977 (Brodie et al, , 1978 (Brodie et al, , 1979b . This is unexpected because in rats and mice oestrogen and progesterone are required for implantation. The observation that 4-OH-A at 2 and 10 mg/day caused uneven spacing of implantation sites suggests that oestrogen secretion was reduced, causing a decrease in the motility of the uterine horn. Al¬ though ATD and 4-OH-A had comparable activities in inducing implantation in ovariectomized mice, ATD treatment did not interfere with embryo spacing in the uterus, suggesting that ATD may be less effective than 4-OH-A in inhibiting oestrogen secretion in mice. However, in spite of the presumed decreased level of oestrogen secretion, it was still sufficient for the aromatase inhibi¬ tors to cause implantation, regardless of the dosage.
Because of the ability of these aromatase inhibitors to induce implantation in ovariectomized mice, the experimental results obtained with these compounds, especially when administered into the uterus (e.g. Wu & Lin, 1982) , may not be necessarily due to their inhibitory effect on aromatase.
